This fact makes the proposed equation substantial also for practical applications.
INTRODUCTION
The determination of the effective moduli of elasticity represents one of the most basic tasks of materials science on composite materials nowadays. There are two concepts used to date for this determination, which are -the bound concept using variational methods of mechanics, in which the averaged values result from the principles of the minimum of elastic potential and complementary energy and -the model concept using direct methods and modellized microstructures, in which the averaged stresses and distortions are calculated with the aid of Hooke 1 s law. Whereas the bound concept provides upper and lower bounds, between which the effective Young's moduli of elasticity have to be expected [1] , the model concept results in single approximate values. Based on the model concept in the first part of this research work [2] a general model equation was derived for porous materials considering them as the limiting case of two-phase composite materials. In this derivation spheroidal geometry of the included phase or pores was assumed with a characteristic shape (axial ratio) and orientation respect to stress direction. The election of this model microstructure is not arbitrary but provides several advantages. It offers the possibility [3] -to describe the geometry and geometrical arrangement of the included phase quantitatively by proper mean shape (axial ratio) and orientation -to determine the best fitting model microstructure from real microstructural data via quantitative microstructural analysis and stereology -to calculate the effect of microstructural parameters on properties leading to the microstructure-property-correlations.
This note states the results of the earlier theoretical analysis for the effective Young's modulus of porous materials [2] and presents an extension of the derived equation to the whole range of porosity. Moreover experimental evidence in suport of the theoretical approach is presented.
THE MODEL EQUATION
As reported in the present context [2] the elementary cell to derive the Young's modulus-microstructure model equation consisted of a cube of given elastic material in which an spheroidal pore is enclosed in any orientation. The mean strains and stresses are calculated for this elementary cell, and these can be used to determine the effective elastic moduli. In order to calculate these mean values, an inclusion of the same geometry is considered instead of the pore. It is assumed that this inclusion is isotropic and has an infinitesimal strength. The elementary cell is divided into small, disjunct prisms. An effective modulus of elasticity is approximately calculated for each prism. The final effective modulus of elasticity is Table I . Plotting these data in a diagram the elastic modulus decreases with increasing porosity as represented by the curves in Fig.2 theoretically and by the marked spots for the experimental results. Good agreement is found between theory and experiment, appointing at higher porosities, that deviations occur due to the increasing probability of interconnected porosity, for which Eq.2 is not suitable. CaTi03-TiC>2 ceramic contain spherical pores, the distribution of which may be regarded as homogeneous. Again as in the case of sintered metals quantitative microstructural analysis was undertaken to determine the porosity, the pore shape factor (axial ratio) and orientation factor [3] . One section along and one transverse to the load direction during manufacture (by a hot-pressing process) was studied from each of two samples. Each of the sectional planes was measured at a 200- Up to here experimental data for Young's modulus of elasticity have been considered for materials for which definite microstructural factors (shape and orientation) were available. There are also many data from the literature for which unfortunatly definite microstructural information does not exist and therefore they can not be used for comparison purposes. However some studies [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] do report microstructural data and they will be considered in the following. 
On the Effective Young's Modulus of Elasticity for Porous Materials: Microstructure Modelling and Comparison Between Calculated and Experimental Values
Different sintered metals containing spherical pores were considered in [7] [8] [9] [10] [11] . The experimental data and the theoretical values for spherical porosity from Eq. 2 are plotted in Fig. 4 showing again good ageement between theory and experiment. Normalized values of the Young's modulus have been plotted. In this context "normalized" means the effective property of the porous material related to the respective property of the bulk (fully dense) material. In many studies the elastic properties of ceramics containing spherical pores have been reported [12] [13] [14] [15] [16] . Experimental data on the Young's moduli of different ceramics and the theoretical values from Eq.2 are shown in Fig. 5 . Again good agreement exists between theory and experiment. For porosity geometry other than spherical two other experimental studies can be used for comparison purposes. One of them concerns a P-311 glass containing spheroidal porosity [17] . An axial ratio of 0.8 was found by fitting the Mori-Tanaka approach to the experimental data [18] . Using this axial ratio and statistical orientation (COS 2 (XD=0 .333) in Eq. 2 the theoretical variation of Young's modulus versus porosity was calculated. The experimental and theoretical values are shown in Fig. 6 confirming an excellent agreement as already reached for spherical pores. Finally a study on MgO containing spheroidal pOres with axial ratio of 0.4 [19] can be also considered for comparison purposes. Again using this value for the axial ratio and statistical orientation (COS 2 (XD=0.333) in Eq. 2 the variation of the Young's modulus with porosity was calculated. In [12] [13] [14] [15] [16] .
volume fraction porosity • exp. values [17] calculated slope (Eq.2) 
